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Abstract 
In this paper I will merely concentrate on the education of physics which I consider to be the most fundamental science. I 
investigate some fundamental problems, in physics education, determined by physicists and pedagogues. As far as I am 
concerned common problems in physics education are part of one global difficulty. And this difficulty stems from a weak 
inclusion of philosophy and particularly philosophy of science in science teaching. If science education research is concerned 
with what to teach and how to teach, my claims can be said to be only about the former. The latter, there is no doubt, is worth 
analyzing individually as well as the other problems concerning the introduction of historical and sociological aspects of science 
in science education. However, since it is not possible to detach the historical and sociological point of view from a philosophical 
concern, for the present purposes one should note that when I am speaking of philosophy, I am also referring to these aspects. In 
the first section I present a brief account of the fundamental problems met in physics education and later stress the importance of 
inclusion of philosophy in science education. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Academic World Education and Research Center. 
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1. Introduction 
This paper is not an outcome of some kind of experimental research about physics education. Nor do I want to 
emphasize the importance of laboratory-based teaching, making use of computer simulations, the effect of 
motivation on learning etc. Pedagogues or educational scientists already perform some experiments concerning the 
principles of learning, and the teaching methods. What I would like to do here, with a philosophical regard, is give a 
theoretical framework for the foundation of a qualified physics education at any educational stage. So, it can be 
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understood that I do not make any separation between the levels of education for the reason that I am not involved 
here in how-to-teach question. Put it differently, if science education research is concerned with what-to-teach and 
how-to-teach, my claims can be said to be only about the former. The claims of this study, besides, can be 
considered to hold for the education of pre-service students as well.  
Physics is the most fundamental science and it is a science which, as everyone knows, has deep philosophical 
implications. And it is not only an ordinary field of research but it has, by its ontological and epistemological aspects 
a compelling power today to thoroughly transform our intellectual life. Therefore, it is a necessity that we have to 
attach great importance to physics. In the following section, I will describe some common problems related to 
physics education and thereafter, offer a basic solution to these problems. 
2. Fundamental Problems in Physic Education 
Many may think that it is a joke when one says that the most substantive problem about which students 
frequently complain is that they fail to understand physics. Indeed they do because it does not make sense to them at 
all. A physicist, Redish (2005) states that they (the instructors) are often surprised by how their students seem to 
know so little mathematics despite successful performance in mathematics classes. The reason is that the symbols 
used in physics, unlike mathematics, are not arbitrarily chosen and thereby represent certain physical quantities and 
are loaded by certain physical meanings. It follows that physics students fail to attach the physical meanings to the 
symbols of equations and formulae. In other words, the problems of physics are not like those of mathematics and 
one cannot solve a physics problem like solving a purely mathematical one. Thus, a difficulty met in physics 
education is that the students are not capable of interpreting the symbols occurred in equations. 
In another paper, Smigiel & Sonntag (2013) states similar problems in physics education in France. According to 
them, a majority of teachers just concentrates on mathematical calculations rather than on actual scientific concepts 
and hence students cannot comprehend the meaning behind the formulae.  
In the aforementioned paper Redish (2005) describes a model for the use of mathematics in sciences: First of all a 
scientist discerns a physical system to be described. And then the first step comes, i.e. he maps the physical structure 
into a mathematical model. Secondly, in the process step, to transform the initial description he is involved in some 
mathematical manipulations. In the third, he interprets his results in terms of physical terms again and finally 
evaluates whether the results fit to the physical system chosen at the beginning.    
Although Redish takes this description to be a description of the use of mathematics in science, it can be seen as a 
description of the methodology of science. Each of these steps is controversial and still being discussed in the 
philosophy of science today. For the present purpose, however, I leave the question whether this description 
represents science at all. At least it is sufficient to state that similar descriptions can be found in many text-books.  
Redish (2005) then goes on to admit that the traditional instruction of mathematics in physics does not help 
students focus on these important steps except the process step: 
“We tend to provide our students with the model readymade, and we may be exasperated – or even 
irritated – if they focus on details that we know to be irrelevant. We tend to let them do the 
mathematical manipulations in the process step, and we rarely ask them to interpret their results and 
even less often ask them to evaluate whether the initial model is adequate” (p.7). 
Consequently, one of the main problems in physics education can be stated as follows: 
The students are not provided with the steps of the scientific activity . This, one can conclude, is the very reason 
of why students are not able to interpret the symbols in the equations.  
Another problem is about students’ pre-scientific epistemological beliefs and as far as I am concerned this issue is 
discussed in detail by educational scientists. And this, I can say, is as fundamental as the previous one. Let us pass 
on to this. 
Many of the physicists and the philosophers of science say that quantum mechanics is counter-intuitive and has 
deeply changed our understanding of the world. Very few, like Mittelstaedt (2005) claim that quantum mechanics is 
more intuitive than classical mechanics. And some like Wolpert (1992) maintains that science is by nature counter-
intuitive. Similarly Lappi (2013) gives some detail of how pre-scientific (or common-sense) beliefs cause students to 
misinterpret scientific content. And again, in a study which defends the use of history of science in science teaching, 
Leone (2014) shows that some conceptual difficulties faced by students are similar to the very difficulties faced by 
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scientists of the nineteenth century. If it is really so, then the inclusion of history of science in science education 
becomes a compulsory part of this education. Similarly, in an article concerning the students’ understanding the 
concept of spin Ozcan (2013) states that: 
“Difficulties usually emerge from the problem of mental representations constructed by students in 
their interactions with the world (Gentner, 1983; Greca & Moreira, 2000; Johnson-Laird, 1983). This 
previous knowledge and these ideas are in contradiction with scientific facts, and are known as 
misconceptions or alternative ideas” (p.22). 
As one can see, as if science (here physics) has an idiosyncratic language in that one should, before taking 
physics courses, be informed of this distinctive characteristic of it. In opposition to scholars who put emphasis on the 
intuitional features of classical mechanics and stress the counter-intuitive characteristics of quantum mechanics, let 
us consider an instructor teaching Newton’s third law as: when one body exerts a force on another, the latter exerts a 
force equal in magnitude but opposite in direction. This proposition is like attributing some kind of animistic or 
anthropomorphic properties to inorganic bodies. What does it mean a body to exert a force? How is it that an 
inanimate body reacts to an action? How is it that a force has a direction? Here, it makes one recall Nietzsche (2002) 
who declares that “[P]hysics too is only an interpretation and arrangement of the world (according to ourselves! If I 
may say so) and not an explanation of the world” (p.15). In this situation what could be the possible respond to the 
student?  
 I would like to clarify what exactly I attempted to say so far.  
Physics is conveyed by the instructors as if it is full of mathematical formulae to be memorized. The students 
believe that physics is merely the totality of various abstract equations and formulae. As Redish put it 
straightforwardly, physics is not just mathematics and has a specific semantics contrary to mathematics. That is why 
so many students, despite successful performance in mathematics, fail in physics classes and get disappointed. Since 
students perceive physics as consisting of certain abstract formulae they cannot identify the core information of a 
problem at all. It must be stated that science is not a repository of readymade information but is a vivid and ever-
growing activity.  Besides, physics cannot be reduced only to the mathematical formalism. First of all, physical 
theories are about physical systems (Bunge, 1970). And each symbol used in a formula represents a physical concept 
and has a certain meaning. In fact a formula or an equation is formally a microcosm opening to a macrocosm of 
more general conceptual schemes or systems, namely, of theories. The latter does not only imply a formal equation 
but at the same time is the very expression of a conception of the universe. And a contradiction between theories, 
say, the theory of relativity and quantum mechanics is not just a simple formal contradiction to be handled by some 
mathematical manipulations; but it is a contradiction between two rival theories or between two conflicting images 
of the universe.  
For these reasons students also are not capable of comprehending the applicability of these formulae to reality due 
to isolated universe of mathematics to which they are introduced. Moreover, to my observations, it may be seen that 
even the best scoring students at problem-solving are incapable of comprehending the physical meaning of these 
problems and how they are related to the whole picture that encompasses them.  
 
3. Philosophy and Physics Education 
  As is known, before the 19th century there were no sharp distinctions among sciences and the study of natural 
phenomena was then called philosophia naturalis. Isaac Newton entitled his work as Philosophiæ Naturalis 
Principia Mathematica that comes to mean The Mathematical Principles of Natural Philosophy. But after the 19th 
century there appeared a division into compartments in sciences. And now compartmentalization is in its heyday so 
that each individual science has dozens of branches. This situation obstructs us from seeing the interrelations of 
sciences. In this context it is important to remember the warnings of the scholars of the Romantic period. 
     But to call attention to a philosophically oriented physics courses, we have reasons other than an emphasis on 
interdisciplinary studies. First of all as Bunge (1970) put it in an elegant way, there is no physicist philosophically 
neutral. That physicists believe that physical theories are not created but discovered is a belief of a philosophical 
nature. So is the physicist’s faith in observation. Similarly the belief, which many renowned physicists share today, 
that there is no reality other than the set of human experiences is a pure philosophical thought. Bunge (1970) lists the 
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ten dogmas of physicists in his paper but three of them I think are sufficient for our purpose. 
    So, physics asks some crucial questions about the structure of space, time, motion, matter, energy and about the 
nature of the universe in general. In so doing, it shares somewhat common problems with philosophy.  I do not claim 
that philosophers can do as well as physicists do on studying the natural phenomena but I do only emphasize the fact 
that, when looked over the history of philosophy, some problems with which the current physicists deal today also 
called philosophers’ attention some time. Therefore the ontological and epistemological aspects of science are of 
philosophical concern. And as Romantic scientists declared, there are no sharp distinctions between the two.  
Again, in many books about scientific research methods, one can easily find some perplexing sentences 
describing the scientific activity as it starts with observation, proceeds to quantifying the data attained from those 
observations and finally results in a theory.  But things are not that simple. Karl Popper showed that this is not what 
actually happens in science. When he asked, in the classroom, his students to observe, they responded, naturally, 
“Observe what?” Therefore, Popper in this way had noted that the observation is always an observation of 
something. A scientist does not look into the world blankly without having prior beliefs. He knows at the very 
beginning what to observe and what to search for. Therefore in any case theory precedes observation. The task of the 
instructors, then, must be to teach that proceeding from observation to theory is not the case in scientific activity and 
they must consider the philosophical-historical-sociological aspect of science.  
     A different issue is about the involvement of physicists in philosophy. A survey conducted by Shipman (2000) to 
determine the familiarity of the astronomical community with Thomas Kuhn put that only a minority of 
representative sample had a familiarity with him and his The Structure of Scientific Revolutions. So these 
astronomers are not possibly aware of the philosophical implications of scientific activity. Science teaching therefore 
must not be just to give the students some cumulative knowledge or a repository of information. First of all it must 
be highlighted by the teachers that science is a vivid activity of the scientists in a scientific community. The reason 
for that that, unlike many others suppose, science is not a linear process. To be informed about debates in scientific 
community would stress the sociological aspect of science. 
Thirdly, physics cannot be reduced only to the mathematical formalism as mentioned above. And each symbol 
used in a formula represents a physical concept and has a certain meaning. It is not only enough to define those 
concepts but the teacher must show the physical meaning underlies these concepts. The students need learn the 
physical concepts apart from their occurrence in purely mathematical formulations. I, on the one hand, admit that 
these concepts have an intimate connection to mathematics but on the other hand challenge the idea that the teaching 
of physical concepts is possible only through pure mathematical manipulations. Therefore physics education must 
improve students’ conceptual understandings of physical terms. Instead of giving students only the content of 
physics, the instructors must focus on the logic of scientific discovery, in other words, on the way that science 
works. Put it differently they need to undergo a process of scientific enculturation by means of which only a 
philosophical look can provide. As mentioned above by Redish instructors, by the help of history of physics, must 
introduce how to map a physical structure in to a mathematical model, how to interpret the results and whether the 
results fit that physical system. I admit that this is a hard task. 
4. Conclusion 
There are some promising developments that stress the relationship between science education and philosophy. 
International History, Philosophy and Science Teaching Group with its Science & Education journal is one of them. 
This organization, as written on the web site, ever since 1987, tries to improve science education and promotes 
research informed by the history, philosophy, and sociology of science. Likewise the journals such as, Science and 
Education; Studies in Philosophy and Education; International Journal of Science Education; International Journal 
of Science and Mathematical Education; Research in Science Education, give hope for a qualified science education. 
Some may say that there have been, in the official reports of many EU countries, some developments suggesting 
the introduction of history and philosophy of science in science education. But admittedly this is not enough. Henke 
& Hottecke (2014) states that although history and philosophy of science introduction in science teaching is widely 
accepted, implementation of it still very poor. Similarly, Dusch & Grandy (2013) states that “[in the US] like the 
first science education reformers in the 1950s and 1960s, we are faced today with the challenge of making important 
decisions about what and how to teach” (p.2112). 
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But why a philosophically oriented science education? Is the main purpose of science education just to train the 
future’s scientists? Matthews (2001) states that teachers and educators are put into an invidious position by these 
philosophical demands.  In this context, one may object by saying that “every student does not intend to become a 
scientist and this attitude restricts the education”. As a respond to this objection I would like to state that science 
shapes culture not only through its technological aspects but it provides new insights and give an opportunity for 
new attitudes (Eger, 1972). Besides, as Gilbert & Reiner (2010) states, such an education enables many to participate 
more effectively in debates about the utility of scientific knowledge. Above all things physics is a scientific 
discipline and the future’s physicist must satisfy this social function.  
Now finally I finish by asking whether he, who set forth the theory of relativity, was a scientist or a philosopher. 
Again, is he, who is in search of an ultimate theory, a scientist or a philosopher? We know of many leading 
physicists that caused to a significant change in the history of physics. And they, no doubt, did love philosophy. 
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